Introduction
============

Hepatocellular carcinoma (HCC) is one of the most frequently diagnosed cancers and the third most common cause of cancer-related deaths worldwide.[@b1-cmar-10-5639] Although surgical resection is the preferred therapeutic choice for HCC, the overall prognosis of patients with liver cancer remains poor, with an estimated 5-year survival rate of only 12.7%,[@b2-cmar-10-5639] mainly due to recurrence and metastasis after resection.[@b3-cmar-10-5639],[@b4-cmar-10-5639] The recent increase in precision medicine has led to an international consensus suggesting that individual liver cancer patients should be treated differently to maximize their chance of survival. However, lack of sensitive and specific indicators for detecting early metastasis and recurrence of liver cancer means that these may not be detected early enough, and many patients may thus miss the effective treatment periods. Consequently, the 3- and 5-year survival rates of liver cancer patients are still not optimistic.[@b5-cmar-10-5639] It is therefore necessary to identify and employ novel biomarkers to monitor the prognosis of HCC patients more effectively.

Recent studies have shown that circulating tumor cells (CTCs) can provide a dynamic, easily available body-fluid biopsy specimen.[@b6-cmar-10-5639],[@b7-cmar-10-5639] The concept of CTCs was initially proposed in the 1870s by an Australian scholar who suggested that "circulating tumor cells" were cells similar to those of the primary tumor found in the blood of metastatic cancer patients.[@b8-cmar-10-5639] CTCs originate from primary tumors and spread to distant sites, but are mostly eliminated by immune cells such as natural killer cells. Although very few cancer cells thus survive in the circulatory system, these may then form small tumor metastases under certain conditions. Several studies have indicated that CTCs represent an intermediate process of the formation of metastatic lesions and are an independent risk factor associated with the prognosis of solid tumors.[@b9-cmar-10-5639] Isolating and detecting CTCs will therefore help us to understand the processes of early metastasis and recurrence and tumor aggressiveness,[@b10-cmar-10-5639] which have been major areas of interest in the field of cancer research since CTCs were confirmed to exist in various types of cancer. Recent research has shown that tumor patients with positive CTC counts often have a poor prognosis, including in terms of tumor-free survival and overall survival (OS), while timely monitoring of CTCs in HCC patients can be a good predictor of clinical efficacy, disease progression, and patient prognosis.[@b11-cmar-10-5639]--[@b13-cmar-10-5639] However, the relationships between CTC counts and tumor metastasis, invasion, and prognosis in patients with hepatitis B virus (HBV)-related HCC remain unclear. We previously isolated and tested CTCs using CanPatrol™ CTC-detection technology, which has been confirmed to isolate and test CTCs effectively.[@b14-cmar-10-5639] The aim of the current study was to determine the correlations between the number of CTCs and changes in their numbers, and clinical features and postoperative clinical outcomes in patients with HBV-related HCC.

Materials and methods
=====================

Study population and design
---------------------------

This study enrolled 42 patients with HBV-related HCC in the First Affiliated Hospital of Guangxi Medical University (Nanning, China) from December 2014 to February 2017. Their diagnosis was consistent with the Treatment Specification of Primary Liver Cancer (2011 Edition).[@b15-cmar-10-5639] The study was approved by the medical ethical committees of the First Affiliated Hospital of Guangxi Medical College, and all blood samples were obtained with written informed consent from the patients. The inclusion criteria were: a confirmed pathological diagnosis of HCC; ≥18 and ≤70 years old; no prior systemic medical therapy for cancer and World Health Organization performance status of 0--2; laparoscopic tumor resection or laparotomy; generally good health status, with no obvious lesions of the heart, lung, kidney, or other vital organs; and complete medical records available. Patients were excluded if they had any other previous malignancy or severe organ dysfunction, or if their medical records were incomplete. The number of CTCs was measured before and 1 month after surgery, and the patients were divided into two groups based on the number of CTCs (≤2 and \>2) per 5 mL of peripheral blood. Clinical data including gender, age, alpha-fetoprotein (AFP), HBV-DNA, metastasis, TNM staging, recurrence, and metastasis were compared between the two groups.

Immunostaining and scoring
--------------------------

All patients underwent surgery to resect the tumors and postoperative specimens were sent for pathological examination. Samples including the tumor and surrounding tissue were fixed in formaldehyde, dehydrated in graded ethanols, embedded in paraffin, and cut into 4-µm slices for immunostaining. Immunostaining was carried out using the enhanced labeled polymer system with PBS as a negative control instead of primary antibody. Antigen retrieval was performed by microwave heating in citrate buffer. The remaining steps were carried out according to the reagent instructions. p21, NM23, CD34, TP53, and vascular endothelial growth factor (VEGF) antibody reagents were all purchased from Maixin Company (Fuzhou, China). Light yellow, yellow, and brown staining were all considered as positive staining results. We examined the cell-staining intensities and percentages of positive cells in three random high-power fields (×400). For p53, NM23, VEGF, and p21, an average of \<5% high-magnification positive cells was defined as negative (−), 5%--25% as +, 26%--50% as ++, and \>50% as +++. CD34 immunostaining was used to identify sinusoids at ×200 magnification. The average number of CD34-positive sinusoids was taken as the standard, with greater numbers indicating high-density blood vessels and lower numbers indicating low-density blood vessels.

Isolation and enumeration of CTCs
---------------------------------

Peripheral blood samples (5 mL) were collected from HCC patients by venipuncture into EDTA tubes. The required filtration system included a filtration tube containing a membrane (SurExam, Guangzhou, China).

We established three types of nucleic acid probes to identify and examine the expression levels of epithelial and mesenchymal genes in CTCs by multiplex RNA in situ hybridization assay. The CTCs were then further typed by examining the different colors of fluorescence signals under a fluorescence microscope, with red and green fluorescence representing epithelial- and mesenchymal-type gene expression, respectively. Hybrid CTCs included both red and green fluorescence.

Follow-up
---------

The 42 patients were followed up through outpatient review and telephone, with a final follow-up date of April 30, 2017. Progression-free survival (PFS) was defined as the time from blood collection until disease progression, death, or the day of the last follow-up visit, whichever came first. OS was defined as the time from blood collection until the date of death from any cause, or the most recent documented follow-up visit.

Statistical analysis
--------------------

All statistical evaluations and analyses were performed using SPSS software version 17.0 (SPSS Inc., Chicago, IL, USA) or GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA). The associations between CTC positivity and clinicopathological characteristics and immunostaining results were analyzed by χ^2^ or Fisher's exact tests using SPSS, and survival analyses were performed using GraphPad Prism 5.0. Kaplan--Meier survival curves were used to analyze the univariate distributions for PFS and OS. Crude or adjusted hazard ratios (HRs) and 95% CI were calculated by univariate and multivariate analyses by Cox proportional hazards regression analysis. Statistical significance was based on a two-sided significance level of 0.05.

Results
=======

Patient characteristics and clinical outcomes
---------------------------------------------

A total of 42 HCC patients (37 males, five females; median age 47 years, range 27--68 years) were enrolled in this study. All patients were Child--Pugh class A. The characteristics of the enrolled patients in terms of age, gender, AFP, HBV-DNA, Edmondson stage, TNM stage, portal vein tumor thrombosis, microsatellite damage, postoperative recurrence, metastasis, tumor number, and tumor size are summarized in [Table 1](#t1-cmar-10-5639){ref-type="table"}. Preoperative CTC counts were significantly associated with Edmondson stage (\>2 CTCs and \>5 CTCs, *P*=0.044 and 0.014, respectively). However, there were no significant associations between any other clinicopathological features and CTC counts.

Ten patients received laparoscopic tumor resection and the remaining 32 received laparotomy. There was no significant association between surgical approach and baseline CTC counts (*P*\>0.05).

Associations between CTCs and immunohistochemical markers
---------------------------------------------------------

We investigated the associations between commonly used clinical immunohistochemical markers and CTCs. Postoperative CTC counts were significantly associated with positive p53 expression (*P*\<0.05; [Table 1](#t1-cmar-10-5639){ref-type="table"}). *TP53* mutations have been shown to result in positive expression of p53, and we therefore inferred that tumor cells with *TP53* mutation were more likely to enter the circulation during tumor resection. However, further studies are needed to verify this hypothesis.

Associations between CTCs and clinical outcomes in HBV-related HCC patients
---------------------------------------------------------------------------

The median number of CTCs in 5 mL of peripheral blood detected preoperatively was four (range 0--31), and the median number detected postoperatively was three (0--22). Thirty-three of the 42 patients had preoperative CTCs and 34 had postoperative CTC counts ≥1, with positivity rates of 78.57% and 80.95%, respectively. Notably, the postoperative CTC count increased in 17 and decreased in 25 cases. We also analyzed the association between CTC counts and postoperative clinical outcomes and found no significant associations between postoperative CTC counts and PFS or OS (*P*\>0.05; [Figure 1](#f1-cmar-10-5639){ref-type="fig"}, [Table 2](#t2-cmar-10-5639){ref-type="table"}). However, patients with a postoperative CTC counts ≤2 or ≤5 had significantly longer PFS than patients with postoperative CTC counts \>2 or \>5 (*P*=0.0136 and *P*=0.0018, respectively; [Figure 2](#f2-cmar-10-5639){ref-type="fig"}). Patients with postoperative CTC counts \>5 also had poorer OS than those with postoperative CTC counts ≤5 (*P*=0.012; [Figure 2](#f2-cmar-10-5639){ref-type="fig"}). Furthermore, patients with a postoperative increase in CTCs had significantly longer median PFS and OS compared with patients with a postoperative decrease in CTCs (*P*\<0.0001 and *P*=0.021, respectively; [Figure 3](#f3-cmar-10-5639){ref-type="fig"}).

We analyzed the associations between CTC counts and postoperative clinical outcomes using Cox proportional hazard regression models ([Table 3](#t3-cmar-10-5639){ref-type="table"}), which demonstrated that postoperative CTC counts (\>2 and \>5) and changes in CTC counts were significantly associated with PFS, but not with OS. This suggested that postoperative CTC counts (\>2 and \>5) and changes were independent prognostic indicators for PFS in patients with HBV-related HCC. We investigated the predictive powers of these indicators by ROC analysis and showed that the pre/postoperative change in CTC counts was a better predictor than postoperative CTC counts (area under the curve 0.732, 0.732, and 0.893; sensitivity 0.571, 0.857, and 0.929; 1−specificity 0.393, 0.107, and 0.143, respectively).

Discussion
==========

CTCs exist in the peripheral circulation of cancer patients. Tumors were established by injecting human HCC cells into the Glisson sheath of immunocompromised (NOD/SCID) mice, and CTCs released from the primary tumor site were then continuously detected in the circulating blood.[@b16-cmar-10-5639] Furthermore, CTCs have similar properties to the primary lesions and can therefore be used as "liquid live-test specimens," providing convenient access to tumor cells and earlier diagnosis of potentially fatal metastases.[@b17-cmar-10-5639] CTCs can be isolated and enriched from a small volume of peripheral blood, with minimal patient trauma.[@b6-cmar-10-5639] CTCs also have a greater specificity and accuracy for detecting HCC compared with the traditional marker, AFP. However, their rarity in the peripheral blood means that CTCs are difficult to detect. Although numerous techniques have recently been used to test CTCs, only a few have been used to enrich and detect CTCs from HCC patients, including density gradient centrifugation, PCR, or quantitative real-time PCR (qRT-PCR), isolation by size of epithelial tumor cells, flow cytometry, and magnetic cell fractionation. However, many techniques are associated with problems including poor purity, lower cover rate, and a time-consuming nature, which have reduced the accuracy of CTC detection. In the current study, we isolated and tested CTCs using the CanPatrol™ system, which is based on qRT-PCR. qRT-PCR can improve the sensitivity and specificity of CTC detection and can reduce false-negative and false-positive results by analyzing the expression of multiple genes simultaneously.[@b18-cmar-10-5639] Compared with other detection techniques, CanPatrol™ is a second-generation CTC-enrichment technique based on immune removal combined with nanofiltration technology, which does not rely on specific antibody capture and removal of white blood cells. It has demonstrated an efficiency of \>99.97% and a tumor-cell recovery rate of \>80%.[@b14-cmar-10-5639] CanPatrol™ can isolate and enrich CTCs, including those with the most metastatic potential (CTCs- circulating tumor microembolis) from small blood samples (5 mL), which is critical for monitoring tumor recurrence and for providing noninvasive samples for molecular detection.

Several studies have indicated that CTCs are an independent risk factor closely associated with tumor infiltration, portal vein thrombosis, Child--Pugh class grade B/C level, and the prognosis of HCC.[@b6-cmar-10-5639] Patients with higher CTC counts may have poorer outcomes, higher recurrence risks, and lower disease-free survival and OS after surgery. Sun et al[@b19-cmar-10-5639] examined CTC counts in preoperative blood samples from 123 HCC patients with long-term follow-up and found that the risk of early postoperative recurrence was significantly higher in patients with ≥2 preoperative CTCs per 7.5 mL compared with those with \<2 per 5 mL (*P*\<0.0001). CTCs were detected in the peripheral blood in 33 of the 42 patients (78.6%) in the current study, which was similar to a previous report of 80%.[@b20-cmar-10-5639] Kelley et al[@b6-cmar-10-5639] detected CTCs in the peripheral blood of 20 HCC patients and found significant associations between CTC counts per 7.5 mL peripheral blood and AFP values. In contrast, we found no significant associations between CTC counts and any of the tested clinicopathological features, except Edmondson stage. CTC count (\>2 or ≤2 per 5 mL) was therefore not significantly associated with recurrence or metastasis. This may have been because the sample size was too small, because of differences in techniques and/or experience among the surgeons, or the results may have been affected by whether or not the patient was actively receiving treatment after surgery. We found that patients with low postoperative CTC counts (≤2 cells per 5 mL peripheral blood) had a significantly longer median PFS compared with patients with higher CTC counts (\>2 cells per 5 mL peripheral blood), suggesting that a higher CTC count may be an independent marker of poor prognosis in terms of PFS and OS. Stebbing et al[@b21-cmar-10-5639] found that patients with \>100 CTCs had a poor prognosis, with an average survival time of only 17 days. In the current study, seven patients with \>10 CTCs per 5 mL showed disease progression during the observation period. This was consistent with previous reports. Patients with higher CTC counts may thus have higher recurrence risks and lower disease-free survival.[@b22-cmar-10-5639] We also compared preoperative and postoperative CTC counts in HCC patients and found a significant association between pre/postoperative change and prognosis, with patients with increased CTCs postoperatively having significantly longer median PFS compared with patients with a postoperative decrease in CTCs. This suggests that changes in CTC counts may be a more sensitive and accurate marker for estimating the prognosis of HCC patients. Preoperative examination and dynamic postoperative monitoring of CTCs in the peripheral blood may thus provide the basis for determining individualized treatment regimens for HCC patients in the future.

However, CTCs comprise a highly heterogeneous cell population, and the detection of a few more viable and aggressive CTCs and the analysis of the phenotypes and/or genotypes of CTCs may be more valuable than overall CTC counts.[@b23-cmar-10-5639] Targeted drugs are currently considered as a safe and effective way of treating HCC. However, identifying metastatic CTCs and determining the relevant signal transduction pathways represent the key to successful targeted drug therapy.[@b24-cmar-10-5639]

In conclusion, these results demonstrate that postoperative CTC counts (\>2 and \>5) and especially pre/postoperative changes in CTC counts may be independent prognostic indicators for PFS in patients with HBV-related HCC.
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###### 

Associations between CTCs and clinical data and immunohistochemical markers

  Type                   Pre-CTCs   *P*-value   Pre-CTCs    *P*-value   Post-CTCs   *P*-value   Post-CTCs   *P*-value   Change-CTCs   *P*-value                                    
  ---------------------- ---------- ----------- ----------- ----------- ----------- ----------- ----------- ----------- ------------- ----------- ---- --------- -------- -------- ---------
                                                                                                                                                                                   
  **Gende**r                                    0.611                               0.088                               0.731                          \>0.999                     0.139
  Male                   16         21                      26          11                      15          22                        27          10             20       **17**   
  Female                 1          4                       1           4                       3           2                         4           1              5        0        
  **AFP (ng/mL)**                               0.804                               0.879                               0.554                          \>0.999                     0.804
  \<400                  13         17                      20          10                      12          18                        22          8              **17**   13       
  ≥400                   4          8                       7           5                       **6**       6                         9           3              8        4        
  **Age (years)**                               0.324                               0.85                                0.463                          0.222                       0.024
  ≥47                    8          8                       10          6                       8           8                         14          2              13       3        
  \<47                   9          17                      17          9                       10          16                        17          9              12       14       
  **HBV-DNA**                                   0.276                               0.353                               0.15                           0.389                       0.037
  \<5.0×10^2^            9          9                       13          5                       10          8                         15          3              14       4        
  ≥5.0×10^2^             8          16                      14          10                      8           16                        16          8              11       13       
  **Edmondson stage**                           **0.044**                           **0.014**                           0.353                          0.060                       0.542
  I, II                  14         13                      21          6                       13          14                        23          4              17       10       
  III, IV                3          12                      6           9                       5           10                        8           7              8        7        
  **TNM stage**                                 0.511                               0.478                               \>0.999                        0.836                       0.152
  I, II                  15         22                      25          12                      16          21                        28          9              24       13       
  III, IV                2          3                       2           3                       2           3                         3           2              1        4        
  **BCLC stage**                                0.312                               0.666                               0.100                          \>0.999                     0.834
  A, B                   12         22                      20          14                      12          22                        25          9              21       13       
  C, D                   5          3                       7           1                       6           2                         6           2              4        4        
  **PVTT**                                      0.158                               0.53                                0.178                          1.00                        \>0.999
  Yes                    2          0                       2           0                       2           0                         2           0              1        1        
  No                     15         25                      25          15                      16          24                        29          11             24       16       
  **Tumor size (cm)**                           \>0.999                             \>0.999                             0.554                          0.781                       0.655
  \>5                    5          7                       8           4                       6           6                         8           4              6        6        
  ≤5                     12         18                      19          11                      12          18                        23          7              19       11       
  **Number of tumors**                          0.160                               \>0.999                             0.676                          0.754                       0.160
  Singleton              12         23                      22          13                      16          19                        25          10             23       12       
  Multiple               5          2                       5           2                       2           5                         6           1              2        5        
  **P21**                                       0.861                               \>0.999                             0.951                          \>0.999                     0.861
  Positive (+)           3          3                       4           2                       3           3                         4           2              3        3        
  Negative (−)           12         21                      19          12                      12          19                        25          8              21       12       
  **NM23**                                      \>0.999                             0.375                               \>0.999                        0.275                       0.400
  Positive (+)           15         24                      25          14                      16          23                        29          10             24       15       
  Negative (−)           0          1                       0           1                       0           1                         0           1              0        1        
  **VEGF+**                                     0.332                               0.945                               0.501                          0.525                       0.987
  Positive (+)           7          15                      14          8                       8           14                        15          7              13       9        
  Negative (−)           8          9                       11          6                       8           9                         14          3              10       7        
  **CD34**                                      \>0.999                             0.385                               \>0.999                        \>0.999                     \>0.999
  Positive (+)           15         23                      24          14                      15          23                        27          11             21       17       
  Negative (−)           0          1                       0           1                       0           1                         1           0              1        0        

**Note:** Bold values indicate statistically significant values.

**Abbreviations:** CTC, circulating tumor cell; BCLC, Barcelona Clinic Liver Cancer; HBV-DNA, hepatitis B virus DNA; AFP, alpha-fetoprotein; VEGF, vascular endothelial growth factor; PVTT, portal vein tumor thrombosis.

###### 

Associations between clinical data and clinical outcomes

  Variables                     Patients   Overall survival   Progress-free survival                                          
  ----------------------------- ---------- ------------------ ----------------------------------------------------- --------- -------------------------------------------------------
                                                                                                                              
  **Gender**                               1.56               0.212                                                 2.97      0.085
  Male                          37                                                                                            
  Female                        5                                                                                             
  **Age (years)**                          0.256              0.213                                                 2.323     0.127
  ≥50                           16                                                                                            
  \<50                          26                                                                                            
  **AFP (ng/mL)**                          0.186              0.666                                                 0.156     0.693
  \<400                         30                                                                                            
  ≥400                          12                                                                                            
  **HBV-DNA**                              0.119              0.730                                                 0.289     0.591
  \<5.0×10^2^                   18                                                                                            
  ≥5.0×10^2^                    24                                                                                            
  **Edmondson stage**                      2.702              0.10                                                  0.9784    0.323
  I, II                         27                                                                                            
  III, IV                       15                                                                                            
  **TNM stage**                            13.5               0.0002[\*](#tfn3-cmar-10-5639){ref-type="table-fn"}   6.546     0.0105
  I, II                         37                                                                                            
  III, IV                       5                                                                                             
  **BCLC stage**                           1.091              0.2964                                                0.08222   0.774
  A, B                          34                                                                                            
  C, D                          8                                                                                             
  **Diameter of tumors (cm)**              2.829              0.093                                                 0.0611    0.805
  ≤5                            30                                                                                            
  \>5                           12                                                                                            
  **Number of tumors**                     2.531              0.112                                                 4.682     0.031[\*](#tfn3-cmar-10-5639){ref-type="table-fn"}
  Single                        35                                                                                            
  Multiple tumors               7                                                                                             
  **Pre-CTCs**                             0.00344            0.953                                                 0.2687    0.604
  ≤2                            17                                                                                            
  \>2                           25                                                                                            
  **Pre-CTCs**                                                                                                                
  ≤5                            27         0.008              0.928                                                 0.058     0.809
  \>5                           15                                                                                            
  **Post-CTCs**                            0.516              0.814                                                 8.37      0.0136[\*](#tfn3-cmar-10-5639){ref-type="table-fn"}
  ≤2                            18                                                                                            
  \>2                           24                                                                                            
  **Post-CTCs**                            6.601              0.0122[\*](#tfn3-cmar-10-5639){ref-type="table-fn"}   9.744     0.0018[\*](#tfn3-cmar-10-5639){ref-type="table-fn"}
  ≤5                            31                                                                                            
  \>5                           11                                                                                            
  **Post-CTC changes**                     4.819              0.021[\*](#tfn3-cmar-10-5639){ref-type="table-fn"}    19.24     \<0.0001[\*](#tfn3-cmar-10-5639){ref-type="table-fn"}
  Reduce                        25                                                                                            
  Rise                          17                                                                                            

**Notes:**

*P*-values based on log-rank tests.

**Abbreviations:** AFP, alpha-fetoprotein; HBV-DNA, hepatitis B virus DNA; BCLC, Barcelona Clinic Liver Cancer; CTC, circulating tumor cell.

###### 

Cox regression analysis of associations between CTC counts and survival in patients with HBV-related HCC

  Variables                      Patients (n=42)   Overall survival       Progression-free survival                          
  ------------------------------ ----------------- ---------------------- --------------------------- ---------------------- -------
                                                                                                                             
  **Postoperative CTC counts**                                                                                               
  ≤2                             18                1                                                  1                      
  \>2                            24                1.16 (0.047--28.25)    0.379                       8.72 (1.40--54.17)     0.020
  **Postoperative CTC counts**                                                                                               
  ≤5                             31                1                                                  1                      
  \>5                            11                15.65 (0.80--304.64)   0.069                       6.89 (1.64--29.00)     0.009
  **CTC change**                                                                                                             
  Reduce                         25                1                                                  1                      
  Rise                           17                NA                     0.964                       39.58 (4.22--371.64)   0.001

**Notes:**

HR and *P*-value for Cox proportional hazard regression model. Adjustment by Tumor, Node, Metastases or Barcelona Clinic Liver Cancer stage, number of tumors, diameter of tumors, age, and gender.

**Abbreviations:** CTC, circulating tumor cell; AFP, alpha-fetoprotein; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HR, hazard ratio; Ref., reference; NA, not available.
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